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The use of tetraammonium tetrakis(4-sulphonato)phenyl porphyrin (TPPS), a water-soluble anionic compound, as a stain to
analyse bacterial cells using ﬂuorescent microscopy was investigated. TPPS was eﬀectively used to analyse two diﬀerent bacteria:
Pseudomonas aeruginosa and Bacillus cereus. The variation in brightness with varying concentrations of TPPS was studied. The
patterns of variations for these bacteria were found to be the same, but with consistently higher brightness for Bacillus cereus.
1.Introduction
Fluorescent microscopy is a robust technique to study
cells [1]. This technique requires tagging of cells with a
ﬂuorophore, which is a molecule that will ﬂuoresce when
light at appropriate wavelengths is incident on it. Fluo-
rophores should have good photostability and high quantum
yield, and when used to image live cells they should be
noncytotoxic and stable in vivo [2, 3]. They should also have
low susceptibility to photobleaching without losing their
sensitivitytoimagethecells[4].Inordertoovercomephoton
attenuation in living cells, ﬂuorophores with long emission
at the near-infrared (NIR) region are generally preferred [5].
At present, the most commonly used ﬂuorophore to
image bacterial cell is ﬂuorescein, but owing to a variety of
factors it is not a good choice [6]. Many other ﬂuorophores
are also in current use, and new ﬂuorophores with high
quantum yield and low cytotoxicity are also being continu-
ously screened for imaging cells.
Porphyrin and its derivatives are nontoxic organic
compounds whose ﬂuorescent properties have been widely
studied. Amphiphilic derivatives of porphyrin have been
studied for second-harmonic generation-imaging [7]. We
have investigated the use of tetra ammonium tetrakis (4-
sulphonato)phenyl porphyrin (TPPS) (Figure 1) ,aw a t e r -
soluble anionic compound, with multiple excitation bands
and wide excitation range, as a ﬂuorescent dye for imaging
bacterial cells.
In earlier studies, TPPS has been used as a photosen-
sitising agent for photo-dynamic therapy. It was found to
be moderately eﬀective against Gram-positive bacteria but
had no cytotoxic eﬀect on Gram-negative bacteria, even after
prolonged exposure to light at high frequency. Studies with
tetra-cationic phthalocyanine as photosensitizer have also
shown that the entry of photosensitizer into the cytoplasm
increases brightness of cells, which was observed in images
obtained from ﬂuorescence microscope. The uptake of
photosensitizer was further found to be an important step in
aﬀecting cells’ survival rate [8]. These indicate that uptake of
TPPS into the cytoplasm by Gram-positive bacteria is higher
than that by Gram-negative bacteria.
We imaged Gram-negative bacteria, Pseudomonas aerug-
inosa, and Gram-positive bacteria, Bacillus cereus, on a
ﬂuorescent microscope using TPPS as ﬂuorophore and then
analysed the brightness data obtained from those images.
2.ExperimentalSection
All the chemicals were procured from SRL chemicals (Mum-
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Figure 1: Tetrakis(4-sulphonato)phenyl porphyrin.
2.1. Synthesis of TPPS. Tetraphenyl porphyrin was synthe-
sized using the protocol described by Gonsalves et al. [9]
followed by sulphonation using chlorosulphonic acid as
described by Song et al. [10]. Purity of the compounds
synthesised is veriﬁed using Thin-Layer Chromatography,
NMR, UV visible spectroscopy, and mass spectrometry [11].
2.2. Cultures Used for Imaging. Pseudomonas aeruginosa
(Gram-negative bacteria) (Genbank no. EU732606) and
Bacillus cereus (Gram-positive bacteria) used were isolated
and cultured in our laboratory.
Cultures of Pseudomonas aeruginosa were grown over-
night and inoculated in Luria-Bertani medium, incubated
for 14 hours. 250μL of this culture was mixed with various
concentrations of TPPS and incubated in dark for 5 minutes.
The cells were then centrifuged for 5 minutes at 5000rpm.
The cell pellet was washed and then solubilised in PBS buﬀer
before being imaged on an Olympus X171 Total Internal
Reﬂection Fluorescence microscope in ﬂuorescence mode.
The sample was excited using light from a mercury-vapour
lamp, which was passed through an Olympus U-MWIBA3
ﬁlter (excitation ﬁlter 460nm–495nm and emission ﬁlter
510nm–550nm). Fluorescence was detected using an Andor
iXON EMCCD camera.
Bacillus cereus was inoculated in nutrient broth and
grown for 14 hours. After that, a similar procedure as used
for Pseudomonas aeruginosa was followed and images were
obtained.
2.3. Image Analysis. Images collected from the Andor iXON
EMCCD camera were processed using Andor-iQ software
version 1.8. All images were taken at an exposure time of
117.5msandRealEMgainof44.Theimagewassmoothened
and a threshold operation was performed. Following Image
J, another image processing software was used to measure
the brightness of cells in diﬀerent parts of the image [12].
A mean value was then calculated. The default mode was
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Figure 2: Fluorescent microscopy images of Bacillus cereus (a) and
Pseudomonas aeruginosa (b).
used for making measurements. The weighted formula used
to calculate brightness was
V = 0.299R +0 .587G +0 .114B,( 1 )
where R, G,a n dB are the Red, Green, and Blue pixels,
respectively.
A plot was then constructed to analyse the variation of
brightness with changes in concentration of TPPS.
3. Results and Discussions
The cells with TPPS ﬂuoresced, when visualised under
ﬂuorescent microscope (Figure 2) with excitation at 488nm
wavelength, while control cells to which TPPS was not added
did not show any ﬂuorescence.
Cell viability, for the Pseudomonas aeruginosa cells,
as indicated by their motility, was not aﬀected by the
uptake of TPPS (Supplementary Material available online at
doi:10.1155/2010/697528).
Image analysis revealed that the brightness increases with
increasing concentrations of TPPS for both Pseudomonas
aeruginosa and Bacillus cereus before achieving saturation.
The concentration at which the brightness achieves satu-
ration is about the same for both OF the bacteria (0.15–
0.25mg/mL), but the brightness is consistently higher forInternational Journal of Analytical Chemistry 3
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Figure 3: Variation of Brightness with concentration of TPPS for
Bacillus cereus and Pseudomonas aeruginosa cells.
Bacillus cereus (Figure 3). This indicates that the uptake of
TPPS by the Gram-positive bacteria is much higher than that
of the Gram-negative bacteria.
4. Conclusions
High quantum yield, high solubility in water, and its non-
toxic nature are properties that confer considerable advan-
tages to TPPS over other dyes in current use. The technique
developed has the added advantage in that it requires
a very short preparatory time. A variation in brightness
was observed for the two diﬀerent bacteria at the same
concentrations of TPPS.
In conclusion, TPPS can be used as a stain for ﬂuorescent
imaging and analysis of various microorganisms and could
be used for identifying Pseudomonas aeruginosa and Bacillus
cereus.
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